Abstract: Cardiovascular prevention is of particular interest in persons with asymptomatic peripheral arterial disease. We aimed to quantify its association with mortality and cardiovascular outcomes, compared to other indicators of high risk. We performed a retrospective cohort study using the Database of the Catalan primary care system (SIDIAP Q ), for 2006-2015, including 35-85-year-old patients with an ankle-brachial index (ABI) measurement, classified according to the presence of diabetes, cardiovascular disease, and low ABI (<0.9). We calculated the incidences and hazard ratios (HRs) for all-cause mortality, acute myocardial infarction, and ischemic stroke. During a median follow-up of 5.9 years, we analyzed 58,118 persons. The mean (SD) age was 66.6 (10.7) years and 53.4% were men. Compared to the reference group with no diabetes, no previous cardiovascular disease, and normal ankle-brachial index, the HR for all-cause mortality was 1.42 (1.25-1.63) in the group with low ABI, 1.35 (1.26-1.45) in those with diabetes, 1.50 (1.34-1.69) in those with previous cardiovascular disease, and 1.84 (1.68-2.01) in those with low ABI and diabetes. In conclusion, participants with low ABI showed increased mortality, acute myocardial infarction, and ischemic stroke incidence in all the subgroups. Patients with low ankle-brachial index plus diabetes presented increased mortality, acute myocardial infarction, and ischemic stroke risk, all at rates similar to those with previous cardiovascular disease.
Introduction
Cardiovascular diseases (CVDs) remain a major cause of mortality despite improvements in their prevention and management [1, 2] . Prevention of these diseases, a key factor in reducing their mortality and morbidity burden, is grounded in appropriate individual risk assessment [3] . In primary prevention candidates, cardiovascular risk is estimated using risk functions that integrate multiple interacting risk factors [4] [5] [6] . Some persons, including those with diabetes or previous CVD, are considered to be at high or very high cardiovascular risk without the need of a risk score, and require immediate attention to risk factors [7] . Yet another group, those with asymptomatic disease, is less defined: they have atherosclerosis, including peripheral arterial disease (PAD), but its expression is silent, although harmful, all the same [8] . This is a group of high interest because early detection of asymptomatic disease would allow immediate implementation of preventative measures [9] .
Asymptomatic PAD can be detected with the ankle-brachial index (ABI), a first screening method after clinical examination [9] . The ABI is the ratio of the systolic blood pressure measured at the ankle to that measured at the brachial artery [8] . It is a simple office-based test with high availability, reproducibility, and cost-effectiveness [8] , although it is not exempt from certain limitations [8] , and it is readily available in primary care practices, which could be the optimal setting for the screening of this disease.
The presence of low ABI, defined as <0.9, has been proposed as a modifier of total cardiovascular risk [7] . This association has been assessed in general population, independently from the Framingham risk score [10] ; in persons with diabetes [11, 12] ; and in persons with previous history of coronary artery disease, in addition to diabetes mellitus and traditional risk factors [13] . To date, no studies have examined the extent to which the impact of low ABI is affected by the simultaneous presence or absence of conditions known to increase risk, like diabetes and previous CVD.
Accordingly, we sought to compare the association of low ABI with mortality, acute myocardial infarction (AMI), and ischemic stroke (IS) in a variety of population subgroups according to the baseline presence or absence of diabetes and previous CVD.
Methods

Data Source
Data were obtained from the System for the Development of Research in Primary Care (SIDIAP Q ). This is a database that contains longitudinal information on demographic data, clinical diagnoses coded according to the International Classification of Diseases-10th revision (ICD-10), referral and hospital discharge information coded using ICD-9, laboratory tests, and treatments (drug prescriptions and drug invoicing at any community pharmacy), at an individual and ecological level. Data are standardized, quality-controlled, anonymized, and structured for research purposes. Identifiers are encoded to ensure confidentiality of personal data of patients in the 274 Primary Care Practices (a total of 1365 general practitioners) managed by the Catalan Institute of Health throughout Catalonia. Completeness and continuity are externally assessed. Only records that meet pre-defined data quality standards are included in SIDIAP Q , which compiles information on nearly 2 million patients, yielding around 20 million person-years for the period 2005-2015. These high-quality data are representative of the geographical, age, and sex distributions of the population of Catalonia [14] , particularly for cardiovascular risk factors and CVD [15] , and have been widely used in epidemiological research [16] [17] [18] [19] . Ethics approval to use SIDIAP Q data for observational research was obtained from the Ethics Committee for Clinical Research IDIAP Jordi Gol (P14/052).
Study Design and Participants
This retrospective cohort study included records of patients aged 35 to 85 years with an ABI measurement recorded in the SIDIAP Q database during the recruitment period between January 2006 and December 2011; the date of first ABI measurement defined study entry date. We included patients with normal ABI at entry, defined as 0.9 ≤ ABI < 1.3, or with low ABI, defined as ABI < 0.9. We excluded data from persons with high ABI, defined as ABI ≥ 1. 3 . ABI values can be high due to medial arterial calcification, especially in persons with diabetes, and this can concur with certain degree of atherosclerosis; thus, we considered this group should be studied separately concerning the purpose of this study, to avoid confusion [20] . To prevent inclusion of persons with symptomatic PAD, we also excluded persons with low ABI who additionally had (i) a prescription of any drug related to intermittent claudication (cilostazol, pentoxifylline, buflomedil, or naftidrofuryl); (ii) any symptom of intermittent claudication detected by thorough review of uncoded information in the attending physician's notes; or (iii) an ABI < 0.4, because a patient with such level of ABI would very likely be symptomatic. Finally, type I diabetes was an exclusion criterion.
Follow-up extended until an outcome occurred, and censoring applied to participants whose data were transferred out of the SIDIAP Q reference area or at the end of the study period, 31 December 2015. This guaranteed a minimum of 4 years of data for each participant.
Exposure and Outcomes
ABI records followed the official Primary Care Services protocol to standardize ABI measurements [9] . This protocol states that the systolic blood pressure has to be measured in each arm and each ankle just above the malleoli with Doppler probes. The higher value of the dorsalis pedis and the tibial posterior arteries of each leg is divided by the higher value of the systolic blood pressure of the arm. The resulting lower value is the ABI [8] .
Participants who fulfilled inclusion criteria were classified into eight groups according to exposure at baseline, defined by ABI category and previous history of CVD and/or diabetes: (1) diabetes, prior CVD, and low ABI values; (2) diabetes and prior CVD, but normal ABI; (3) diabetes and low ABI; (4) prior CVD and low ABI; (5) prior CVD alone; (6) low ABI alone; (7) diabetes alone; (8) no diabetes, no prior CVD, and normal ABI (the reference group). Previous history of CVD included AMI, angina, stroke, and transient ischemic attack. Diabetes at baseline was defined with diagnosis of diabetes or treatment with drugs used in diabetes (coded as a10 in the Anatomical Therapeutic Chemical (ATC) Classification System). The outcomes assessed were all-cause mortality, AMI, and IS.
Covariates
We characterized the population and included potential modifiers of the low ABI association with all-cause mortality, AMI, and IS [5, [21] [22] [23] [24] [25] [26] , describing age, sex, smoking habit, continuous variables: body mass index (BMI) -calculated as weight divided by squared height-, systolic and diastolic blood pressure (BP), pulse pressure, low (LDL) and high (HDL) density lipoprotein cholesterol, triglycerides; we considered the last record up to one year previous to entry date (72% to 85% of the population had a record up to 6 months previous to entry date). We also described the following comorbidities: hypertension, atrial fibrillation, malignant neoplasms, chronic kidney disease, and chronic obstructive pulmonary disease. We considered the presence of a condition in a patient if such was recorded previously to entry date. Finally, we accounted for the following medications: diuretics, beta blocking agents, calcium channel blockers, agents acting on the renin-angiotensin system, statins, other lipid modifying agents, and aspirin. A person was defined as treated if they had a purchase record of a given medication up to 6 months previous to the entry date (87% to 93% of the population had a purchase record up to 3 months previous to entry date).
Statistical Analysis
Continuous variables were expressed as mean and standard deviation (SD), or median (1st and 3rd quartiles); and categorical variables as percentages.
To avoid the potential selection bias that may occur when excluding participants with missing values [27] , we performed multiple imputation by chained equations of the variables with missing values; we generated 50 imputation tables with 50 iterations each [28] . The population characteristics conceded plausibility to the missing-at-random assumption, and we also performed sensitivity analysis with the complete-case population [29] for comparison.
Raw incidence rates per 1000 person-years of all-cause mortality, AMI, and IS were calculated by exposure group. Cox proportional hazard models were used to analyze the adjusted association of low ABI values with all-cause mortality, AMI, and IS. For all outcomes, a set of candidate variables for adjustment was considered, based on the literature. Initially, we assessed the unadjusted association of the categories of exposure with each outcome. We then tested the association by including the categories of exposure and each candidate variable in the model. Both associations were compared using the standardized difference. We sequentially increased the number of adjusting variables by including the variable with the highest standardized difference. This greedy process was repeated until the standardized difference for the association when adding a candidate variable was lower than 0.10. All analyses were carried out using R-software [30] (version 3.5.1; R Foundation for Statistical Computing, Vienna, Austria), including MICE v2.15 package for multiple imputation [31] .
Results
During the recruitment period, SIDIAP Q contained data of 69,069 individuals aged 35 to 85 years who had an ABI measurement, 58,118 of which fulfilled inclusion criteria ( Figure 1) 
During the recruitment period, SIDIAP Q contained data of 69,069 individuals aged 35 to 85 years who had an ABI measurement, 58,118 of which fulfilled inclusion criteria ( Figure 1) ; 41,297 (71.1%) had diabetes, 11,812 (20.3%) had previous CVD, and 10,684 (18.4%) had low ABI. Median (1st quartile, 3rd quartile) follow-up for the whole study population was 5.9 (4.7, 7.6) years. Follow-up was lost for 914 individuals due to transfer from the SIDIAP Q reference area. We imputed the missing values of weight, height, systolic BP, pulse pressure, glucose, total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides. Appendix Table A1 quantifies the missing variables and displays a comparison of the complete cases and imputed datasets for the whole study population. The maximum percentage of missing values was 32.8% for BMI. Although the participants' characteristics in both subsets were very similar, the subset of complete cases tended to be in slightly worse condition, i.e., higher percentage of patients with hypertension and being treated with antidiabetic drugs, agents acting on the renin-angiotensin system, statins, or with aspirin.
Mean age (SD) of the whole study population was 66.6 (10.7) years old, and 31,064 (53.4%) were men. The groups with low ABI included a higher percentage of smokers, greater prevalence of chronic kidney disease and chronic obstructive pulmonary disease, and a slightly higher mean pulse pressure compared to the groups with normal ABI (Table 1 ). The groups with low ABI and no previous CVD had a higher percentage of persons taking aspirin and a greater prevalence of atrial fibrillation compared to the groups with normal ABI and no previous CVD. The groups with previous CVD had higher mean values of pulse pressure and a higher percentage of men, persons with hypertension, smokers, and patients receiving treatment with the considered medications, compared to the groups with no previous CVD. Persons in the groups with no previous CVD who had diabetes showed lower total and LDL cholesterol mean values. Finally, the groups with diabetes included a higher percentage of persons with hypertension, with chronic kidney disease, and being treated with the medications considered compared to the groups with no diabetes; this was observed especially in participants with additional previous CVD (Table 1 ). We imputed the missing values of weight, height, systolic BP, pulse pressure, glucose, total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides. Appendix A Table A1 quantifies the missing variables and displays a comparison of the complete cases and imputed datasets for the whole study population. The maximum percentage of missing values was 32.8% for BMI. Although the participants' characteristics in both subsets were very similar, the subset of complete cases tended to be in slightly worse condition, i.e., higher percentage of patients with hypertension and being treated with antidiabetic drugs, agents acting on the renin-angiotensin system, statins, or with aspirin.
Mean age (SD) of the whole study population was 66.6 (10.7) years old, and 31,064 (53.4%) were men. The groups with low ABI included a higher percentage of smokers, greater prevalence of chronic kidney disease and chronic obstructive pulmonary disease, and a slightly higher mean pulse pressure compared to the groups with normal ABI (Table 1 ). The groups with low ABI and no previous CVD had a higher percentage of persons taking aspirin and a greater prevalence of atrial fibrillation compared to the groups with normal ABI and no previous CVD. The groups with previous CVD had higher mean values of pulse pressure and a higher percentage of men, persons with hypertension, smokers, and patients receiving treatment with the considered medications, compared to the groups with no previous CVD. Persons in the groups with no previous CVD who had diabetes showed lower total and LDL cholesterol mean values. Finally, the groups with diabetes included a higher percentage of persons with hypertension, with chronic kidney disease, and being treated with the medications considered compared to the groups with no diabetes; this was observed especially in participants with additional previous CVD (Table 1) . Overall, 8382 participants died during the follow-up period, an all-cause mortality incidence of 23.8 (95% CI 23.3, 24.3) per 1000 person-years; 2154 had an AMI, an incidence rate of 6.2 (6.0, 6.5) per 1000 person-years; and 3922 had IS, an incidence rate of 11.5 (11.1, 11.8) per 1000 person-years. The incidences of the considered outcomes by categories of exposure were highest in the group with diabetes, prior CVD, and low ABI values, and lowest in the reference group (no diabetes, no prior CVD, and normal ABI values) ( Table 2) . The risk of all-cause mortality, AMI, and IS was compared between categories of exposure using the group with no diabetes, no previous CVD, and normal ABI as reference. Figure 2 shows the exposure groups by increasing adjusted HR for all-cause mortality, AMI, and IS. The risk for all the considered outcomes was highest in the group with diabetes, previous CVD, and low ABI. Low ABI alone showed an increase in all-cause mortality risk compared to the reference group, with a hazard ratio (HR) of 1.42 (1.25, 1.63), similar to the group with diabetes alone, HR 1.35 (1.26, 1.45), and slightly lower than in the group with previous CVD alone, HR 1.50 (1.34, 1.69). This latter group had lower all-cause mortality risk than participants with low ABI and diabetes, who had a HR of 1.84 (1.68, 2.01), and both confidence intervals nearly overlapped; the group with previous CVD alone and the group with low ABI and diabetes had similar values for AMI and IS. The trends for mortality in the rest of the groups were similar to AMI and IS. Tables A2 and A3 detail the unadjusted and adjusted HRs  (95% CI) , respectively, for all the categories and outcomes. Appendix A Table A4 shows the HRs of the adjustment variables for each outcome. Overall, 8382 participants died during the follow-up period, an all-cause mortality incidence of 23.8 (95% CI 23.3, 24.3) per 1000 person-years; 2154 had an AMI, an incidence rate of 6.2 (6.0, 6.5) per 1000 person-years; and 3922 had IS, an incidence rate of 11.5 (11.1, 11.8) per 1000 person-years. The incidences of the considered outcomes by categories of exposure were highest in the group with diabetes, prior CVD, and low ABI values, and lowest in the reference group (no diabetes, no prior CVD, and normal ABI values) ( Table 2) .
The risk of all-cause mortality, AMI, and IS was compared between categories of exposure using the group with no diabetes, no previous CVD, and normal ABI as reference. Figure 2 shows the exposure groups by increasing adjusted HR for all-cause mortality, AMI, and IS. The risk for all the considered outcomes was highest in the group with diabetes, previous CVD, and low ABI. Low ABI alone showed an increase in all-cause mortality risk compared to the reference group, with a hazard ratio (HR) of 1.42 (1.25, 1.63), similar to the group with diabetes alone, HR 1.35 (1.26, 1.45), and slightly lower than in the group with previous CVD alone, HR 1.50 (1.34, 1.69). This latter group had lower all-cause mortality risk than participants with low ABI and diabetes, who had a HR of 1.84 (1.68, 2.01), and both confidence intervals nearly overlapped; the group with previous CVD alone and the group with low ABI and diabetes had similar values for AMI and IS. The trends for mortality in the rest of the groups were similar to AMI and IS. Tables A2 and A3 detail the  unadjusted and adjusted HRs (95% CI) , respectively, for all the categories and outcomes. Appendix Table A4 shows the HRs of the adjustment variables for each outcome. Sensitivity analyses restricted to the complete-cases dataset gave similar results (Tables A5-A7) . Appendix A Table A5 presents data from the complete-cases dataset by population groups. As in the overall population, the subset of complete cases tended to be in slightly worse condition, but the group distribution was similar to the imputed dataset. Appendix A Table A6 presents the raw incidences in the subset of complete cases, which had a similar pattern to the imputed dataset; given the difference in sample sizes, the confidence intervals were slightly wider in the complete-cases subset than in the imputed dataset. Appendix A Table A7 shows the adjusted HRs for the complete-cases subset of population. The HRs were slightly higher for all-cause mortality and slightly lower for AMI and IS in the subset of complete cases compared to the imputed data. We also performed sensitivity analyses considering persons under and over 75 years of age, and forcing chronic kidney disease in the models-since it is a strong risk factor for AMI and stroke-which presented comparable results.
Discussion
We found that the presence of low ABI in asymptomatic persons was associated with increased all-cause mortality, AMI, and IS risk in all the studied subgroups, aside from the presence of diabetes or previous CVD. This increase was observed even in participants at highest risk (with both diabetes and previous CVD). At the other end of the risk array, persons with ABI alone presented an incidence of all the considered outcomes similar to persons with diabetes alone; this incidence was lower than in persons with previous CVD alone. Of note, participants with low ABI plus diabetes showed an increase in mortality, AMI, and IS risk similar to those with previous CVD.
Previous studies have evidenced the relation of low ABI with mortality or cardiovascular outcomes worldwide. In Central Africa, HR estimates for low ABI (≤0.9) were 1.86 for mortality in a population aged ≥65 years, 10% of whom had diabetes and 7% whom had a history of myocardial infarction [32] . In Japan, HR estimates for abnormal ABI (<0.9 or >1.4) were 2.01 for major adverse cardiovascular events in a population with end-stage kidney disease, 38% of whom had diabetes and 28% whom had prior coronary revascularization [33] . In France, a HR for total mortality of 1.46 was reported in a population prior to coronary artery bypass grafting [34] . Comparison between studies is difficult, not only because of the differences in the design, but also in the characteristics of the populations.
The increase in all-cause mortality, AMI, and IS risk conferred by low ABI in asymptomatic participants with previous CVD and/or diabetes is compatible with low ABI being a surrogate of vascular damage in the context of polyvascular disease; indeed, low ABI has been reported to be useful in identifying this condition [35, 36] . In addition to corroborating these findings, our results quantify the risk increase contributed by polyvascular damage, and are in line with previous recommendations to use ABI for the detection of asymptomatic PAD in persons with previous CVD and diabetes, both in isolation or when coexistent [37] .
The damage associated with low ABI would be of interest not only in the context of polyvascular disease but also in persons with low ABI alone, in whom we found an all-cause mortality risk as high as in persons with diabetes. To date, evidence to recommend screening with ABI in asymptomatic persons has been deemed insufficient [38] , even though some studies evidenced the benefit of screening of asymptomatic population at high risk which, although modest, should be taken into consideration [39, 40] . Our results would support the need for this screening, although further studies specifically designed for this purpose would be of high interest. Even more, risk functions have been developed to help optimize the selection of candidates for screening of asymptomatic individuals [41] . Given the serious consequences of PAD, its early diagnosis in asymptomatic stages is crucial in terms of cardiovascular risk and to prevent its progression in the form of foot ulceration, gangrene, and eventual amputation of the affected part of the extremity [42] .
The comparison of the group with previous CVD and the group with diabetes and additional low ABI merits special discussion. In several reports [43] [44] [45] [46] , patients with diabetes were considered as comparable to those with previous CVD, although others have argued against it [47, 48] . This controversy was resolved with a tendency to ascribe higher risk to patients with previous CVD; consequently, recommendations and treatments for cardiovascular prevention were not as aggressive in patients with diabetes and no previous CVD [47] . However, some studies tried to reconcile these two positions on risk among patients with diabetes. Previous CVD conferred a risk similar to having diabetes in patients who required glucose-lowering medication [43] , used insulin or had albuminuria [49] , or if they had a longer duration of diabetes, i.e., 10-15 years [50, 51] . Our study adds low ABI values to these findings. Further studies that examined the impact of variations of ABI over time would be of interest as to provide additional prognosis information.
The present analysis was performed with a database originated from clinical records, a 'real world' assessment [9] of all-cause mortality, AMI, and IS, based on a high number of participants; this provided sufficient power to stratify the population into groups of exposure that could be directly analyzed and compared. Working with SIDIAP Q also provided a high absolute number of outcomes and a long follow-up period. The study population should be taken into consideration when extrapolating our results. It was a population with risk factors for atherosclerotic disease (the mean age was 66.6 years, where 67.9% of participants had hypertension, 25.8% were smokers or had a history of smoking, 71.1% had diabetes, and 20.3% had previous CVD), to whom an ABI measurement would be recommended according to the prevention guidelines [4, [52] [53] [54] [55] .
Our findings should be interpreted in light of some limitations. First, we did not describe and analyze hemoglobin A1c levels or the time since previous CVD because the study design required the use of the same variables for all patients in order to directly compare the groups and the risk of the outcomes. Some groups included participants with no diabetes or previous CVD and, thus, the amount of missing values for hemoglobin A1c would have been unacceptable; in addition, some participants did not have data regarding time since previous CVD. Second, potential residual confounding can never be totally dismissed, even though we adjusted for important cardiovascular risk factors. Third, poor quality of the data could generate misclassification in studies with electronic medical records, but the presence of cardiovascular risk factors and outcomes has been previously validated in SIDIAP [15] . Fourth, the presence of missing data can influence the results but, in this study, the maximum percentage of missing values for a variable was 32.8%, and the characteristics of the complete-case analyses did not differ from imputed data. Finally, SIDIAP Q does not contain records on cause of death and, thus, we could not assess cardiovascular death specifically, but our results indicate that it could be partially explained, in most of the studied subgroups, by the cardiovascular outcomes considered.
In conclusion, low ABI was associated with increased all-cause mortality, AMI, and IS risk at rates similar to diabetes but less than previous CVD. The risk of AMI or IS in persons with diabetes was similar to that in persons with previous CVD, provided low ABI was also present. These findings will contribute to improve awareness on the risk associated with low ABI in asymptomatic patients, and support the need for further studies to elucidate who should be screened in order to optimize CVD prevention. Validation of the Imputation Process [27, 29] In the multiple imputation stage, we checked for normality, correlations, and collinearity between variables with missing data and variables that could be included in the multiple imputation. Next, we identified variables related to missing values and/or to missing variables.
The imputation models included the following variables: age, sex, ankle-brachial index (ABI), weight, height, natural logarithm (ln) of systolic blood pressure, ln (pulse pressure), ln (glucose), ln (total cholesterol), ln (high density lipoprotein cholesterol), ln (low density lipoprotein cholesterol), ln (triglycerides), smoking status, hypertension, hypercholesterolemia, arthritis, asthma, chronic obstructive pulmonary disease, atrial fibrillation, malignant neoplasms, chronic kidney disease, hypothyroidism, previous history of acute myocardial infarction (AMI), angina pectoris, transient ischemic attack, stroke, and medications (antidiabetic drugs, diuretics, beta blocking agents, calcium-channel blockers, agents acting on the renin-angiotensin system, other antihypertensive agents, corticosteroids for systemic use, psycholeptics, psychoanaleptics, statins, other lipid-lowering drugs, and aspirin. We also included the censoring indicator and the Nelson-Aalen estimate of the cumulative hazard function for the time to cardiovascular disease [28] .
The ln transformation was applied to some variables, as indicated in the list above, to improve the normality of the distribution and to avoid the unlikely possibility of imputing any negative numbers. After imputation, variables were converted back to their original scale.
Appendix A Table A1 shows the number (percentage) of missing values for each variable of interest and the baseline characteristics of the whole imputed population, and of the subset with complete cases. Abbreviations: ABI, ankle-brachial index; AMI, acute myocardial infarction; CVD, cardiovascular disease. a ABI < 0.9.
